surrounded by the palatopharyngeal eminence, and were embedded in the stratified cuboidal and the stratified squamous types of the intermediate epithelium. It was suggested that the taste buds were related to the reflex mechanism protecting the upper respiratory tract in swallowing,
i.e. when the taste buds were stimulated by food and its information was conveyed to the central nervous system, the soft palate was drawn by the levator palati muscle and the palatopharyngeal eminence was contracted by the palatopharyngeus muscle to close the nasopharyngeal hiatus.
In the extralingual regions, such as the larynx, arytenoid region and esophagus, some investigators have sought the function of the taste buds in the intricate mechanism of swallowing (Johnson et al., 1973 ; Downing and Lee, 1975; Bradly et al; , 1980; Rodrigo et al., 1980; Stedman et al., 1983; Nakano and Muto, 1986). However, the function of the taste buds in the nasopharynx has been little studied.
Passavant (1869) reported that a ridge, known as the "Passavant's bar", was formed on the dorsal wall of the pharynx at the level of the soft palate by closure of the "nasopharyngeal hiatus (Wood Jones , 1940 )" in ordinary phonation of vocal sound and swallowing. The present authors (Nakano and Muto, 1985) described in the mouse that the palatopharyngeus muscle acted synergically with the levator palati muscle and formed the ridge corresponding to the human Passavant's bar in swallowing. However, the mechanism why the information of food is conveyed to the central nervous system has been unresolved. This paper reports the distribution of the taste buds in the mouse nasopharynx to discuss their functional role, and is expected to contribute towards a further understanding of the mechanism of swallowing.
Materials and Methods
The materials were the nasopharyngeal regions removed from 20 SMA mice (12 male and 8 female). Light microscopy specimens, aged 0 day, 1 day and 6 months, were fixed in Zenker's fluid containing 5% acetic acid, decalcified in 6% nitric acid, dehydrated in a graded ethanol series, and embedded in paraffin. They were serially cut into frontal or sagittal sections at a thickness of 5-7 pm and were applied with hematoxylin and eosin stain. . The taste buds extend through the whole depth of the epithelium from the basement membrane to the surface (Fig. 4) . Occasionally, the height of the taste buds is taller than that of the surrounding epithelium ( In the lateral wall of the nasopharynx, the lamina propria is thin and the submucosa is filled with mixed glands, containing more numerous serous cells than mucous ones (Figs. 1-3 ). In spite of detailed examining of gOecirtiens, no definite relationships between the taste buds and the glandular observed in the "varying types of epithelia" , while in the slow loris they were encountered in the "transitional epithelium" similar to that of the urinary bladder .
Considered from their morphological similarities, the varying types of epithelia in the macaque monkey and the transitional epithelium in the slow loris appear to correspond to the intermediate epithelium.
According to Kurihara (1985) , the taste buds in the Mongolian gerbil were observed in the "transitional type epithelium" and in the "keratinized stratified squamous one" covering the caudal end of the nasopharynx. Although the nature of the transitional type epithelium was not clear from his description, it appears to correspond to the stratified cuboidal type of the intermediate epithelium. Furthermore, Kurihara (1985) speculated that the extension of the keratinized epithelium into the nasopharynx represented a protective response to the environment to which the Mongolian gerbil was exposed, because the keratinized epithelium was more resistance to dryness than the nonkeratinized one In the mouse, however, the keratinized epithelium did not extend into the nasopharynx. On the other hands, Lalonde and Eglitis (1961) reported in the human newborn that there were the taste buds in the ciliated columnar epithelium lining the dorsal surface of the soft palate. In this study, no taste buds weie encountered in the ciliated columnar epithelium. The function of the taste buds in the extralingual regions has been the subject of investigation. Kiesow (1902) hypothesized in the human epiglottis that the taste buds were a phylogenetic residue with no functional role. It is unlike that the taste buds in the mouse nasopharynx are a phylogenetic residue, because they developed after birth and were found to be grouped together exclusively in the area close to the nasopharyngeal hiatus. This clustering effect suggests that the taste buds have any functional roles in the upper respiratory tract.
In some mammals, it has been pointed out that the functional relationships between the taste buds and the olfaction can not be ruled out. Hofer (1977 Hofer ( , 1978 Hofer ( , 1980 and WoIrrnann-Repenning (1978) suggested in the Prosimiae that the taste buds in the incisive papilla were functionally related to the olfactory system through the nasopalatine ducts and the vomeronasal organ through the vomeronasal ducts. Furthermore, Ide and Munger (1980) suggested that there was a series of parallels between the chemosensory systems of the taste and the olfaction, i.e. both the taste and the olfaction systems are characterized by an impressive renewal of receptor cells and by the presence of apical cytomplasmic processes of chemosensory cells. In the mouse nasopharynx, however, the taste buds were distributed exclusively in the area close to the nasopharyngeal hiatus and were not observed in th rostral part of the nasopharynx and in the nasal cavity. These findings suggest that the taste buds in the mouse nasopharynx are not responsible for the olfaction. Furthermore, the present authors (Nakano and Muto, 1986) suggested that the taste buds in the mouse arytenoid region were related to the reflex mechanism protecting the upper respiratory tract in swallowing.
In the previous study (Nakano and Muto, 1985) the present authors reported that the palatopharyngeus muscle encircled the nasopharyngeal hiatus to form the muscular basis of the palatopharyngeal eminence, acted synergically with the levator palati muscle and formed the ridge corresponding to human Passavant's bar in swallowing. In this study, it was observed, thatthe taste buds inthe mouse nasopharynx were located in the area close to the nasopharyngeal hiatus, which was circularly surrounded by the palatopharyngeal eminence. These findings suggest that when the taste buds in the mouse nasopharynx are stimulated by food and its information is conveyed to the central nervous system, the soft palate is drawn by the levator palati muscle and the palatopharyngeal eminence is contracted by the palatopharyngeus muscle to close the nasopharyngeal hiatus.
Some investigators reported in the primates that the taste buds in the plica sublingualit and the soft palate were densely distributed in the juxtaposition to the openings of the salivary glands, and suggested there were any functional relationships between the taste buds and the glands, i.e. chemical substances dissolved in saliva stimulated the activity of the taste buds and accelerated the taste of food (Hofer, 1977; Klein and Schroeder, 1979 
